We conducted an integrative literature review of published studies on pesticide and cancer exposure, focusing on farmers, rural population, pesticide applicators, and rural workers. The Medline/PubMed was used as searching database. After the retrieval, 74 articles were selected according to pre-established criteria, which design involved 39 case-controls, 32 cohorts, 2 ecological ones, and 1 cross-sectional. Among them, 64 studies showed associations between pesticides and cancer while 10 did not find any significant association. The studies found 53 different types of pesticides significantly associated with at least one type of cancer and 19 different types of cancers linked to at least one type of pesticide. Although few studies presented contradictory results, the sole fact of being a farmer or living near crops or high agricultural areas have also been used as a proxy for pesticide exposure and significantly associated with higher cancer risk. The literature well illustrates the case of prostate cancer, Non-Hodgkin lymphoma, leukemia, multiple myeloma, bladder and colon cancers. Studies are recommended to further investigate the relationship between pesticide and neoplasm of testis, breast, esophagus, kidney, thyroid, lip, head and neck, and bone. KEYWORDS Neoplasms. Agrochemicals. Occupational diseases. Review. RESUMO Trata-se de revisão integrativa da literatura sobre estudos publicados em relação à exposição a agrotóxicos e câncer, com foco em agricultores, população rural, aplicadores de agrotóxicos e trabalhadores rurais. A busca dos artigos foi realizada por meio do banco de dados Medline/ PubMed. Após a triagem, 74 artigos foram selecionados de acordo com critérios pré-estabelecidos, sendo 39 caso-controle, 32 coortes, dois ecológicos e um transversal. Desses, 64 estudos mostraram associação entre agrotóxicos e câncer, enquanto dez não encontraram associação significativa. Nesses 64, 53 diferentes tipos de agrotóxicos foram significativamente associados com pelo menos um tipo de câncer e, inversamente, 19 diferentes tipos de câncer foram associados a pelo menos um tipo de agrotóxico. Embora alguns estudos tenham apresentado resultados contraditórios, ser um agricultor ou morar perto de plantações ou de áreas densamente agrícolas também tem sido motivo para representar a exposição a agrotóxicos e considerado significativamente associado a um maior risco de câncer. A literatura ilustra bem o câncer de próstata, linfoma não-Hodgkin, leucemia, mieloma múltiplo, bexiga e câncer de cólon. Recomendam-se estudos que investiguem mais a relação entre agrotóxicos e neoplasmas de testículos, mama, esôfago, rim, tireoide, lábio, cabeça e pescoço e osso. PALAVRAS-CHAVE Câncer. Agroquímicos. Doenças profissionais. Revisão.
Introduction
Pesticides are chemical substances or mixture of substances also used in the public health domain so to combat disease vectors, such as mosquitoes, as in agriculture to combat pests that harm crops 1 . Although they form the base of modern agriculture, pesticides are associated with chemical contamination, which is a complex public and environmental health problem, especially in the rural area 2, 3 .
Most sprayed pesticides reach non-target species and end up polluting air, water and soil, soon contaminating the pesticide applicators, their direct family, as well as other people living in agricultural areas, who consume foods with high concentrations of these substances 4-6 .
Studies have related exposure to pesticides to cancer 7 , a chronic disease that is one of the main causes of morbidity and mortality worldwide, with over 14 million new cases in 2012 8 . In 2015, 8.8 million people worldwide died due to malignant neoplasms, the equivalent to one in six of all global deaths 1 .
Many review papers, available on Medline/ PubMed database under the search described below, investigated the relation between pesticide and cancer. However, they either reviewed only (a) one type of cancer, (b) one type of pesticide or chemical group, (c) one study design or research group, (d) one age range, or (e) a sole population. Therefore, the aim of this study was to conduct an integrative literature review of published studies on pesticide exposure and cancer with a focus on farmers, rural population, pesticide applicators and rural workers, considering all cancer types, agricultural pesticides, and age ranges.
Methods
Studies were retrieved from the Medline/ PubMed database (https://www.ncbi. nlm.nih.gov/pubmed/advanced) using the following key words in English and Portuguese: cancer OR carcinogenic OR tumor OR cancer OR carcinogenic OR neoplasia AND pesticide OR herbicide OR insecticide OR fungicide OR organophosphate OR agrochemical OR pesticide OR herbicide OR insecticide OR fungicidal OR organofosforados OR agrotoxicos OR agroquimico AND farmers OR husbandman OR agriculturists OR agriculturalists OR agricultural OR cultivator OR applicator OR agriculture OR "rural people" OR "rural population" OR "rural areas" OR "non-urban" OR rural OR "trabalhador rural" OR agricola OR applicator OR "populacao rural" OR "areas rurais" AND cohort OR "case-control" OR "case control" OR transversal OR "medical record" OR "ecological design" OR "ecologic design" OR "ecologic study" OR coorte OR "caso-controle" OR "caso controle" OR prontuario OR "delineamento ecologico".
Original articles published between August 2007 and August 2017 and examining the relationship between pesticides and cancer were included in this review. Studies were excluded whenever they (a) were not related to farmers, rural population, agricultural pesticide applicators, rural workers, or to residents of areas with intensive use of agricultural pesticides; (b) did not analyze cancer or pesticide; (c) were reviews; (d) analyzed pesticide intake through food; (e) focused on analyses of biomarkers or dust; (f ) concerned genetic studies; (g) were not written in English or Portuguese; or (h) had a focus on methodology or protocol.
A primary screening of the titles and abstracts was carried out in order to remove records that fit the excluding criteria. A second and deeper screening analyzed the full text. After the evaluation, 74 studies were chosen to compose the accepted sample ( figure 1) . The discussion was organized according to overall cancers and specific cancer types so as to better investigate the relationship with pesticide exposure.
Results
The search on Medline/PubMed database resulted in 167 papers, of which 74 were selected for this study (chart 1). Findings were summarized according to individual cancer types. Several specific pesticides were related to increased risk of cancer and are listed in chart 2. The vast majority of the papers reviewed concerned to either case-control (39) or cohort (32) studies. Only one study applied a cross-sectional design and two others, an ecological outline. Overall, 64 papers observed a relationship between pesticides and cancer while 10 could not find any significant positive association. Chart 3 shows the registration status of pesticides in the European Union, the United States, and Brazil. Results from the Agricultural Health Study (AHS), a prospective cohort of licensed pesticide applicators from Iowa and North Carolina (USA), indicated that the highest levels of EPTC 9 and butylate 10 lifetime exposure days (LD) were associated to all cancers. Additionally, moderate and high exposures to terbufos also increased overall cancer hazard ratio 11 . On the other hand, some cohort studies investigated specific pesticides such as chlorothalonil 12 , captan 13 , malathion 14 , and dichlorvos 15 , although not finding any association with cancer.
To reside near crops was reported to increase cancer risk in children younger than 14 16 or 15 years old 17 . However, another study 18 evaluated several types of childhood cancers and was not able to find any significant association with residence near agricultural fields.
Being a farmer also significantly increased overall cancer risk (OR=1.459, 95% CI: 1.229-1.731) when compared to non-farmers of the Several studies analyzed neoplasms of the hematopoietic and lymphoid tissues (LHC) and found significantly increased risk in people living in a farm 21 or near crops 16 exposed to pesticides 22-24 , butylate herbicide 10 , metribuzin herbicide 22 , or terbufos insecticide 11 .
Leukemia primarily affects children. Several studies found association between different types of childhood leukemia and pesticide exposure 25-27 . Residing near certain crops 28 , or in counties of high level of agricultural activity 17 , was also found to significantly increase the risk of childhood cancer. Although Malagoli et al. 29 could not find statistically significant results, they suggested that childhood leukemia risk increased when the child resides near arable crops. Children who were born in rural areas (RR= 1.43, 95% CI: 1.09-1.86, p-trend= 0.003) or in counties with the highest farming index (RR= 1.33, 95% CI: 1.04-1.69) or pesticide exposure index (RR= 1.30, 95% CI: 1.02-1.66) faced significantly higher risk to die from leukemia 30 . In adults, increased leukemia risk was significantly associated with exposure to EPTC herbicide 9 and terbufos insecticide 11 . Other risk factors related to a farm life such as living on a farm, planting crops, raising livestock or animals, working as farm workers or in the agricultural industry, and exposures to insecticides or fertilizers 31 .
Hodgkin Lymphoma (HL) in males of 19 years of age or older was significantly associated with exposure to the organophosphate insecticide chlorpyrifos 32 and the herbicide dichlorprop 33 . Hodgkin's disease and Non-Hodgkin Lymphoma (NHL) were significantly reduced in districts with low pesticides exposure compared to those with high exposure 34 .
Non-Hodgkin lymphoma risk factors include: being an agricultural worker 35-37 or a farmer 35, 38, 39 ; living in a farm or in communities between 1,000 and 10,000 people 39 ; being exposed to pesticides 39 , potentially carcinogenic pesticides 40 , herbicides 35,38,40 , insecticides 38,40 , or fungicides 40. Some specific insecticides such as DDT 41 , lindane 41 , and terbufos 11,41 , as well as some specific herbicides such as butylate 10 and paraquat 42 , were also associated with higher risk of NHL.
Multiple myeloma was associated to six specific types of pesticides. Otherwise, results were contradictory for captan fungicide and carbaryl insecticide. While three case-control studies [43] [44] [45] showed that these pesticides increased MM risk, one cohort study 41 could not find significant associations. Different results also appeared for DDT and lindane insecticides. Presutti et al. 45 found DDT to be linked to MM, but could not trace significant correlation between lindane and MM. Conversely, Kachuri et al. 43 and Pahwa et al. 44 found DDT not to be linked to MM, while lindane showed a significant association. Two cohort studies investigated permethrin insecticide 41, 46 , and other two case-control studies 43,44 investigated mecoprop herbicide, and they all found significant high MM risk. Consistency was also seen among the four studies about not finding significant associations between malathion and MM 41,43-45 . Furthermore, increased risk of MM was seen among men who reported the use of fungicides, pesticides classified as probably carcinogenic or higher, using at least one carbamate pesticide, one phenoxy herbicide, and 3 organochlorines 43 . Occasional, although intense, use of pesticides or herbicides by men also caused a significant MM excess risk (RR=1.20, 95% CI: 1.07-1.34) 47 . Female crop farmers 37 , as well as female and male pesticide users 48 , suffered higher incidences of MM. Similarly, a study 20 observed higher risks among males and females who work in farms and among male farm owners (SIR=1.59 95% CI: 1.29-1.95) and male users of pesticides on crops (SIR=1.49, 95% CI: 1.19-1.84).
Although the main risk factors, i.e., age, black race, family history, related to prostate neoplasm are already identified, this integrative review revealed that exposure to butylate 10 , methyl bromide 49 , a group of organochlorine insecticide 49 , and terbufos 11 were found to increase the risk. High exposure to the (i) insecticides DDT, lindane, 3,5-dinitro-cresol, azinphos-methyl, carbaryl, diazinon, malathion, (ii) herbicides 2,4-DB, MCPA, simazine, and (iii) fungicides copper sulfate, dichlone, ferbam, maneb, sulfur, ziram significantly increased prostate cancer risk in males 50,51 . Prostate cancer risk was higher among male agricultural workers 20,37 and men exposed to coumaphos who reported a family history of that cancer 52 .
Primary testicular tumors are the most common solid malignant tumor in men aged 20 to 34 years in the United States 53 and its cause is still unknown, although a study has evidenced that its incidence was significantly higher among male pesticide users (SIR=1.26, 95% CI: 1.04-1.53) 48 .
Among malignant neoplasms of digestive organs, the herbicides EPTC and pendimethalin were associated with pancreatic cancer among pesticide applicators and their spouses 37,54 . Stomach cancer risk significantly increased with exposure to methyl bromide 55 and in districts with greater pesticide use 34 . Colorectal cancer risk was significantly higher among farmers (OR=1.529, 95% CI: 1.011-2.314) 19 , those exposed to pesticide (OR=2.6, 95% CI: 1.1-5.9), and those primarily sourcing food directly from farms (OR=4.6, 95% CI: 1.5-14.6) 56 . A higher prevalence of colon cancer was also observed among male pesticide applicators exposed to EPTC 9 , trifluralin 57 , carbofuran, metolachlor, and alachlor 58 . Esophagus cancer deaths were, in general, significantly higher (OR=1.38, 95% CI: 1.26-1.51) among agricultural than among non-agricultural workers in the south region of Brazil, an area with intense pesticide use 59 . The Hepatocellular Carcinoma (HCC) can be affected by several factors, and pesticide exposure may contribute to non-B and non-C HCC in areas with high level of agricultural activity 17,34,60-62 . In contrast, Jeephet et al. 63 were not able to find statistically significant association between pesticide use and cholangio carcinoma.
Central nervous system tumors increased among farmers (HR= 1.73, 95% CI: 1.01-2.94) 64 , pesticide applicators (HR= 1.96; 95% CI: 1.11-3.47) 64 , and children living in countries with high level of agricultural activity (OR= 1.3, 95% CI: 1.1-1.4) 17 . Brain cancer prevalence 34 and its mortality 65,66 showed significantly higher rates in districts with greater pesticide use. Glioma was associated with never changing clothes (OR=2.84, 95% CI: 1.04-7.78) or never washing face and hands (OR=3.08, 95% CI: 1.78-5.34) immediately after applying pesticides 67 . Controversially, a study investigating pesticide applicators did not find any positive association between glioma and farm pesticide use 68 .
As for malignant neoplasms of female genital organs, a study 69 investigated risk factors for cervical cancer and could not find any association with insecticides. The result was anticipated, once most cervical cancer cases are caused by the human papillomavirus, a well-known risk factor. Ashley-Martin et al. 70 did not find significant associations between breast cancer and fungicide exposure. However, Salerno et al. 19 observed that farmers were at significantly higher risk for breast cancer (OR=1.720, 95% CI: 1.039-2.846), and Lerro et al. 71 found organophosphate insecticides to be associated with breast tumor and diazinon to significantly increase the risk of ovarian cancer.
Among malignant neoplasms of urinary tract, bladder cancer revealed to be the most common type associated with pesticides. The prevalence was significantly higher in districts with greater pesticide use 34 . Any use of imazethapyr, imazaquin, bentazon, bromoxynil, chloramben, and diclofop-methyl herbicides increased the risk of bladder cancer, as did the insecticide DDT solely 72, 73 . In contrast, a study 74 investigating risk factors for bladder cancer among farm workers could not find any significant increasing risk for pesticide exposure, whilst significant high risk was observed among field-grown vegetable workers. Renal tumors were associated with living in counties with high level of agricultural activity (OR=2.1, 95% CI: 1.7-2.6) 17 .
Lung cancer is the primary contributor of malignant neoplasms of respiratory and intrathoracic organs. After controlling for several factors including smoking, which is the most common risk factor, lung cancer among pesticide applicators from the AHS cohort was significantly associated to high exposure to the organophosphate insecticide diazinon (RR=1.60, 95% CI: 1.11-2.31) 75 . The highest quartile of use of the herbicide chlorimuron ethyl showed high risk of lung cancer 76 . Significantly higher prevalence was also observed in districts with greater pesticide use 34 .
Cutaneous melanoma incidence among pesticide applicators was significantly increased by the exposure to parathion and carbaryl insecticides and maneb/mancozeb fungicide after adjusting for risk factors 77,78 . A higher risk for skin melanoma (SIR= 1.30, 95% CI: 1.00-1.66) was observed among female farm workers 20 . Additionally, an increased melanoma hazard ratio among male agricultural workers and female crop farmers was also identified 37 . A study investigated uveal melanoma but could not find positive associations with activities of farming, pesticide application, or pesticide mixing 79 .
Soft Tissue Sarcoma (STS) was significantly associated to also exposure to aldrin and diazinon among men aged 19 years or older 80 as to with high level of agricultural activity (OR=1.7, 95% CI: 1.4-2.0) 17 . Among British women, it was observed that pesticide users died more often from STS than the national population 48 . Malignant bone tumors were associated to living in counties with high level of agricultural activity (OR=2.3, 95% CI: 1.8-2.9) 17 .
Head and neck cancer was reported among men and women residing in rural areas 81 . Thyroid cancer risk increased with malathion 71 and atrazine exposure 82 . Lip cancer risk was significantly higher among male agricultural workers (HR= 2.14, 95% CI: 1.70-2.70) 37 and male farm workers (SIR=2.87, 95% CI: 1.61-4.74) 20 .
Myelodysplastic Syndromes (MDS) were significantly associated to ever exposure to pesticides (OR=2.47, 95% CI: 1.44-4.24), insecticides (OR=3.34, 95% CI: 1.62-6.90) and herbicides (OR= 2.27, 95% CI: 1.14-4.51), but not to fungicides 83 . Paraquat was the only specific pesticide to positively and significantly associate with MDS (OR= 4.90, 95% CI: 1.05-22.75).
The choice for an integrative review may be considered one of the strengths of this study, since it is the only approach that allows for combining results of different methodologies. This study has the potential to enable for the diversity in primary research to be summarized and to become an instrument also for medical professionals that deal with cancers as for decision-makers responsible for making the public policies, once risks to populations were identified.
As for its limitations, this study focused on a very wide topic that encompassed all kinds of pesticides and cancers, which may have led to the loss of specific details. Second, it was only able to analyze the registration status of pesticides in the United States, Brazil, and the European Union, since most of the papers retrieved from the Medline/PubMed database belonged to those places. It would certain be beneficial to further add other countries to the comparison. It is important to note that half of the studies retrieved were carried out in the USA, being 25 published by AHS researchers. Epidemiologic evidence outside the AHS cohort remains limited as far as associations observed for specific pesticides and cancer types are concerned. Third and last, this study did not discuss potential mechanisms of action of pesticides that could have improved the study.
Conclusions
This integrative literature review showed that the risk of several cancer types increased significantly with exposure to several types of pesticides, most of which are still in use in the United States and Brazil. Although a few studies presented contradictory results, being a farmer or living near crops or high agricultural areas have also been used as a proxy for pesticide exposure and significantly associated with higher cancer risk.
In general, the literature is well illustrated in the case of prostate cancer, NHL, leukemia, multiple myeloma, bladder and colon cancers. Studies that further investigate the relationship between pesticide and neoplasms of testis, breast, esophagus, kidney, thyroid, lip, head/neck, and bone are recommended. It is hoped that this study can be used as a reference material and will contribute to future research regarding pesticide exposure and cancer incidence.
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